Profiles of '5N2 fixation, 02 production (gross photosynthesis), 02 concentration, chlorophyll a concentration, and photon fluence rates were measured with 50-FLm resolution in colonies of the heterocyst-forming cyanobacterium Nostoc parmelioides. Microelectrode measurements were made after 20 h of incubation under '5N2 gas. Colonies were frozen, and 50-,um sections were prepared by using a freezing microtome (1, 4, 10, 11, 14, 15, 17) , photosynthesis (14) (15) (16) , and light (8) 
The enzyme nitrogenase is sensitive to 02; this sensitivity has led to speculation that 02-depleted microzones may be extremely important in regulating N2 fixation in pelagic environments (13) and in cyanobacterial mats or layers (1, 10, 11) . Recent advances in microelectrode technology have allowed measurement of steep gradients of 02 (1, 4, 10, 11, 14, 15, 17) , photosynthesis (14) (15) (16) , and light (8) Sections (3 by 6 by 0.05 mm) were dried at 50°C for 12 h and then analyzed for percent enrichment with 15N by emission spectrometry (20) . Chlorophyll a was extracted from sections (1 by 1 by 0.05 mm) by adding 0.2 ml of dimethylsulfoxide (6), freezing and thawing the sections three times, and then adding 10 ml of acetone-water (9:1). The phaeophytincorrected chlorophyll a concentration was determined fluorometrically (19) . showed surface 02 concentrations from 1.3 to 1.9 times the saturation concentration (0.24 mM 02). These values dropped to 0.68 to 1.0 times the saturation concentration at the bottom of the colonies, away from the light (Fig. 1) . However, as depth increased there was a slight initial 02 increase in one colony.
There were also steep gradients of 02 production (gross photosynthesis) throughout each individual colony. Profiles showed very low rates of photosynthesis at the bottom of the colonies and higher rates at the colony surface (Fig. 2) . Thus, assuming that photosynthesis translates into cyanobacterial growth, most growth probably occurs on the upper surface of the N. parmelioides colony.
Light (E m-2 s-1) The chlorophyll profiles showed high heterogeneity between colonies (Fig. 3) . There was also heterogeneity within colonies, but this was the result of small changes between sections which translated into fairly smooth profiles. The heterogeneity of tissue within colonies of N. parmelioides has previously been documented (3).
Light was attenuated rapidly in all three colonies, with 91 to 95% of surface irradiance being depleted at the bottom of colonies (Fig. 4) . The colony with the highest chlorophyll a concentration attenuated the most light (Fig. 3) . The nonlinearity of the plots of light versus depth (Fig. 4) shows the uneven distribution of biomass throughout the colony, as do the chlorophyll profiles. If the colonies were homogeneous in terms of light absorption (pigment composition and scattering), then they would provide linear plots when data are presented on a log scale, as in Fig. 4 .
All wavelengths were not attenuated to the same degree through the colonies (Fig. 5) ; 4% of the total irradiance passed through the colonies. Of the red, green, and blue light, 6, 9, and 11%, respectively, passed through. The high levels of light absorption at all wavelengths at the surface correlate with the low levels of photosynthesis recorded at the bottom of the colonies (Fig. 2) . The slight increase in unfiltered light between 200 and 300 pLm is probably a result of backscatter from the agar surface, where the colony being measured was held. Measurements did not include estimates of backscattered light (8) .
Regions with high levels of gross photosynthesis also had high 02 concentrations (Fig. 6A) . There was also rough correspondence between light and photosynthesis (Fig. 6B) . The relationship between chlorophyll and photosynthesis was not well defined (Fig. 6C ). These data illustrate that 02 concentration, light, and photosynthesis are interdependent even at submillimeter scales.
Individual colonies had very different rates of 15N2 incorporation under illumination, which was reflected in percent 15N enrichment (Fig. 7) . The colony with high 15N enrichment also had high chlorophyll concentrations (Fig. 8) .
Therefore, for comparison between colonies, 15N enrich- ment was normalized to chlorophyll a concentration. When multiple regression analysis was used to ascertain factors correlated to biomass-corrected 15N2 incorporation, gross photosynthesis was positively correlated to incorporation (Fig. 9 ) and explained 44% of the variance (P < 0.01). 02 concentration and light explained 7% (a negative correlation) and 4% (a positive correlation) of the variance, respectively, but these correlations were not significant (P > 0.05). fixation is expressed as atom percent 15N enrichment or chlorophyll a-corrected 15N enrichment. Nostoc colonies have areas with large amounts of mucopolysaccharide gel, which has a significant N content (5) and which could also contain many non-N2-fixing bacteria. Therefore, N content cannot be used to estimate the biomass of physiologically active cells because N contained in gel is always included in organic N measurements. For example, if the data were presented as an incorporation rate of N based on organic N present, an area with a large number of cells, each of which had low activity, would be undistinguishable from an area with a large amount of gel and a few cells that were actively fixing N2. Since the mucopolysaccharide gel also contains proteins, total protein cannot be used to normalize rates. Furthermore, N analysis requires a fairly large sample, which was not available given the size of the N. parmelioides colonies used and the amount needed for 15N and chlorophyll a analysis. Because N. parmelioides colonies are small, and because a 3-by 6-by 0.05-mm section was needed (10 Relationship between chlorophyll a-corrected "5N incorporation and photosynthesis for three N. parmelioides colonies. The same symbol denotes the same colony in Fig. 1 to 4 and 6 
